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Abstract

Effective volunteer management requires ensuring operational continuity and maximizing
benefits from all team members. Prioritizing volunteers with adequate knowledge and
experience in task assignments is crucial for maintaining workflow continuity. This study
employs a two-stage model for allocating areas and tasks to volunteers in search and rescue
operations. The first stage idemntifies the optimal number of volunteer response centers using
the P-median problem. Considering population density as demand, 7 out of 14 accessible and
protected disaster collection areas meeting basic needs are selected as optimal response
centers based on distance. In the second stage, a mixed-integer programming model is
proposed for volunteer assignment, which prioritizes assigning the most knowledgeable and
experienced volunteers to critical positions. The model's flexibility and applicability are
demonstrated by incorporating voluntary rest periods, which are allocated based on the urgent
needs of response centers in various post-disaster scenarios. Solved using GAMS/CPLEX, the
model's results show that expert volunteers in low-demand scenarios are prioritized, working
5 out of 9 shifts, while other volunteers receive insufficient assignments. In high-demand
scenarios, some response centers face volunteer shortages, with a deficit of 62 volunteers
across 9 shifts in non-emergency areas. The study evaluates the benefits and drawbacks of the
volunteer assignment model and offers recommendations for future research.
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1. Introduction

Natural disasters such as earthquakes, floods, and landslides, along with human-made
disasters like war, nuclear, and chemical accidents, cause substantial damage to nations,
affecting both their physical and mental well-being. An example of this is the earthquake that
occurred in Turkey on February 6, 2023, which resulted in a death toll of over 48,000,
destroyed more than 500,000 buildings, and caused many people to lose their jobs and
relatives [1]. Disaster management minimizes the impact of such large-scale earthquake-like
disasters through four stages: preparedness (risk identification and planning), mitigation (loss
prevention), response (emergency response during the disaster), and recovery (restoration of
infrastructure and living conditions). Effective personnel management is also crucial for
reducing or mitigating the impact of such disasters and minimizing the resulting significant
losses. By focusing on evacuation points and personnel deployment during the disaster
preparation phase, effective disaster management can be ensured during the disaster
response phase, thereby reducing the disaster's impact [2]. In case of a disaster, immediate
search in the response phase, and rescue efforts along with initial medical assistance, should
be prioritized, followed by addressing shelter and nutritional requirements. After any disaster,
local and international volunteer organizations and professionals mobilize swiftly to address
urgent needs. Following the earthquake in Turkey, 36,527 volunteers, along with numerous
expert personnel, were involved in the relief operations [3]. Ilcwever, managing a volunteer
group is different from managing professional staff. Since volunteers work without financial
incentives, assigning them tasks according to their appropriate periods and abilities is
important.

When assigning tasks to volunteers based on their abilities, it is crucial to maintain consistency
within the organisation by prioritising their satisfaction and skills, in contrast to the approach
taken with professionals. Disregarding the individual characteristics of volunteers and
assigning tasks without considering their skills and expertise can lead to significant
disruptions in workflow, lower morale, and satisfaction levels among volunteers, and
potentially result in them discontinuing their duties [4]. Hence, when assigning volunteers to
roles within an organizeation, their knowledge and skills should be assessed and matched
accordingly. Priority in task allocation should be given to the volunteer group with the highest
level of expertise. Providing the personnel needs primarily from the expert team will ensure
that the work in the organisation is conducted in the best possible way without any disruption.
Amini et al. [5] study of disaster response in Iran found that training volunteers to improve
their knowledge, skills, and attitudes increased their expertise, leading to more effective and
efficient disaster response operations compared to a group that received no training.

Identifying appropriate service locations is just as critical as assigning suitable tasks to
volunteers. It is of vital importance that personnel who will take part in disasters reach their
place of duty promptly. When disasters occur, safe areas are needed to ensure the immediate
safety of the people affected. To meet this need, disaster collection areas have been
determined before any type of disaster in Turkey. The purpose of these areas has been
determined as the closest accessible area where the victim can meet their basic needs and be
away from danger after any disaster [6]. Identifying volunteer response centers through these
designated gathering areas will help volunteers reach disaster victims faster and convey
requests from victims to the center promptly.

This study aims to optimize disaster response by strategically positioning volunteers before
disasters and allocating tasks effectively during the response. It addresses two fundamental
questions: "How can the number and location of volunteer response centers be optimized?"
and "How can volunteers with varying expertise be assigned to centers with different urgency



levels, considering constraints?” To address these research questions, the study proposes a
two-stage volunteer assignment model. In the first stage, the volunteer location problem is
addressed using the P-median problem for disaster preparedness management. In the second
stage, an assignment model based on experience-urgency matching is used to optimize
volunteer task assignments tailored to real-world scenarios (high demand, variable demand,
and low demand) by considering the urgency status at these designated locations, thereby
aiming to improve disaster response. The proposed volunteer assignment model aims to make
the following contributions to the literature:

0 Employing a p-median model for volunteer allocation to response centers in disaster
preparedness

0 Proposed a mixed integer model that incorporates volunteer preference and rest periods
for task allocation during disaster response

0 Prioritizing high-skilled volunteers for high-urgency centers based on expertise

0 Demonstrating and analyzing model performance in realistic post-disaster scenarios
under varying demand and urgency conditions.

The rest of this paper is structured as follows: the literature review is analysed in the next
section. In section three, volunteer response centers are designated based on disaster
collection areas. The centers are selected from reliable, accessible locations that meet basic
needs, guided by the P-median problem. In addition, a task assignment model is developed to
efficiently allocate responsibilities among volunteer groups in gathering areas. The model
prioritizes tasks for the most experienced volunteers based on the demands and urgency of
the response centers, while considering each volunteer's experience level and work-rest
cycles, using mixed-integer programming. To demonstrate the model's applicability, volunteer
personnel from search and rescue teams are assigned based o1 various post-disaster scenarios
in section four. The final section evaluates the volunieer assignment model used in these
scenarios and suggests improvements for future research.

2. Literature Review

2.1 P Median Problem

The P-median problem, a facility location selection method introduced by Revelle and Swain
[7], has been applied across diverse fields. These include emergency room placement in
healthcare, facility location optimization based on customer demand in retail and logistics, and
multi-objective optimization for coverage and service levels in healthcare and emergency
services. The improved p-median problem also incorporates advanced metaheuristics, matrix
decompositions, and heuristic/hybrid methods [8].

The p-median problem helps determine optimal locations for disaster collection areas,
particularly when demand is high during disaster management. Several studies have employed
the P-median model for locating disaster relief facilities. For example, Pan [9] used it to
optimize typhoon emergency shelter placement in coastal rural China, while Xi et al. [10]
modified the model to account for rescue time constraints in a Western China neighbourhood.
Zhu et al. [11] presented a robust P-median model incorporating scenario analysis for
uncertain disaster area prediction. More recently, Hwang and Geo [12] used the algorithm to
locate shelters, supply depots, and control centers around the Kori nuclear site, and Ayudhya
[13,14] employed it to identify flood shelter locations in southeastern Thailand and relief
facility locations on Thailand's east coast, respectively. Similarly, Eliguzel [15] optimized
emergency operation center allocation in the Philippines using a weighted P-median approach
with Pictorial Fuzzy.

2.2 Volunteer assignment model:

The volunteer assignment model first introduced by Falasca and Zobel [16] is a bi-criteria
integer programming model designed to minimize planning costs while adhering to volunteers'
preferences to avoid undesirable assignments. Table S.1 (in the Supplementary file) provides
a chronological summary of volunteer assignment models across four key aspects[17]. The



columns detail: 1) objective functions (maximizing or minimizing utility based on shortage,
undesired assignment, and time); 2) constraints considered (task, preference, shifts, skills,
and travel); 3) solution methods employed (integer, goal, heuristic, and artificial intelligence);
and 4) shortcomings identified in the studies (daily wage, demand, application area, or travel
time).

When voluntary assignment models are examined in terms of their solution methods, some
studies employ integer programming models; however, existing approaches have limitations.
Garcia et al. [18] maximized volunteer benefits and minimized costs, yet their model struggles
with complex scenarios and lacks clear optimization strategies. Kaur et al. [19] balanced
several factors to improve retention but recognized limitations in volunteer participation and
diversity. Chen et al. [20] optimized volunteer dispatch in emergencies but highlighted the
need for better task coordination. Atik et al. [21] maximized demand served and minimized
travel costs, while neglecting key factors such as transportation costs and stochasticity.

Mathematical modelling of volunteer assignment problems has been approached in several
ways. Degel et al. [22] minimized the number of fire stations based on volunteer availability
and travel times, but did not consider volunteer schedules, per diem, or uncertain rescue
demand. Lassiter et al. [23] dynamically allocated volunteers to minimize unmet task demands,
assignment costs, and skill mismatches, achieving a Pareto optimum through a constrained
allocation model. Urrea et al. [24] optimized pairings of experienced and inexperienced
volunteers but neglected organizational financial or time contributions. Wang et al. [25]
categorized and ranked risk areas for emergency supply distribution and modelled volunteer
deployment but did not consider multi-hour cost functions or volunteer substitution.

Heuristic methodology has also been used in some studies for the volunteer assignment model.
Abualkhair et al. [26] used a simulation to minimize arrival and service times in a two-queue
system for donors and donations but ignored heterogeneity and uncertainty. Paret et al. [27]
developed a multi-server queuing model to manage the spontaneous volunteers who emerged
after the disaster, but not training/skills. Fei and Wang [28] applied the Dempster-Shafer
theory to optimize rescuer dispatch, which needs broader analysis. Xue et al. [29] applied the
same theory to consider the volunteers' abilities, task demands in disaster areas, and waiting
time, while development is needed for estimating the time in both the disaster and dispatched
areas. Matinrad and Granbeig [30] minimized start times, but their model assumed uniform
skills and did not account for travel, task transfer, or equipment installation times. Ata et al.
[31] investigated the dynamic control of the system by formulating a multi-class queuing
network model to maximize volunteer efficiency. Kapukaya and Satoglu [32] developed a two-
stage stochastic programming model for optimising resource allocation in search and rescue
efforts, but it should also apply to other disasters and missions and consider longer time
horizons to address resource allocation during recovery. Karahalios et al. [33] used a novel
two-level nested heuristic called the Graver Augmented Multiple Seed Algorithm (GAMA) to
solve the problem by formulating the first response network design problem (FRNDP) as a
mixed integer nonlinear program.

In addition to these solution methods, Aman et al. [34] developed a goal-programming
volunteer assignment model that minimizes penalty costs associated with volunteer numbers,
shift changes, and task deviations; however, this model neglects volunteer preferences and
unused workforce. Rabiei et al. [35] used NSGA-II and NRGA, neural networks in artificial
intelligence, to assign volunteers considering their abilities, preferences, and task demands,
but the application of their model is limited to nursing, and its performance has not been
compared against other algorithms.

According to the data obtained from the literature analysis, there is one research on a two-
stage volunteer assignment model [32]. To address the gap, this study introduces a two-stage
disaster management model, optimizing response center locations and volunteer assignment
across preparation and response phases. While skills-based volunteer deployment has been
explored in some studies [19, 23, 25, 32], this model incorporates expert-emergency area



matching based on regional urgency. Some models address disaster implementation
[20,21,30], but they lack studies on diverse disaster scenarios. This study analyses model
applicability through realistic disaster scenarios and designs volunteer emergency response
plans based on expert personnel needs. Furthermore, it prioritizes volunteer satisfaction by
including rest period restrictions, an aspect overlooked in previous research. This paper
distinguishes itself through contributions in the following areas:

The proposed two-stage model handles both location and task distribution.

[0 Volunteer response centers in disaster areas will be chosen from the best locations

using the P median problem before assigning volunteers.

Task allocation will prioritize experienced volunteers by using groups with tiered

expertise.

Volunteer assignment priority will be determined based on the urgency of the response

centers' needs.

0 The model's validity will be assessed using a group of volunteers involved in search and
rescue, evaluated with scenarios simulating post-disaster conditions.

0 Volunteers will be given designated rest periods to prevent consecutive shifts.

3. Methodology

[

Immediate intervention in disaster areas is crucial to alleviate chaos, minimize risks, and
optimize the use of personnel. Establishing operational centers and pre-determining
intervention areas facilitates access, prevents disorder through effective volunteer
distribution, and ensures optimal working conditions. Deploying volunteer to these designated
areas enhances intervention capability and ensures their safety. When distributing tasks to
volunteers, their knowledge and experience levels are taken into consideration. Assigning
volunteers with the highest level of knowledge to risky tasks ensures that task distribution is
planned effectively and that volunteers remain within the organization. This research is
designed with this aim in mind, and the implementation stages are summarized in Figure 1.
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Figure 1. Developed two stages of the volunteer assignment model.

In the first stage of the proposed approach, an optimum number of volunteer response centers
are selected from among the pre-disaster collection areas (candidate locations) determined by
AFAD, taking into account the centers' needs and distances from other centers, using the P-



median problem. These centers should be easily accessible, away from risks and structures,
and equipped to meet basic needs [36]. The aim is to guarantee a rapid response to every
disaster area by ensuring the shortest possible access time to all centers.

In the second stage of the proposed approach, a volunteer assignment model is developed to
meet the demands and urgency of the designated volunteer response centers. The main goal
of the model is to ensure that volunteers with the highest level of knowledge are assigned to
the most critical regions. When distributing tasks, the principle of not assigning consecutive
shifts is applied, taking work and rest periods into account. Different disaster scenarios are
used during task distribution, aiming to meet the demands and urgency levels of each
volunteer center. The AFAD Volunteers Club (AFC) selected for the proposed assignment
model was included in this study after being informed and providing consent in accordance
with guidelines and regulations and was informed about potential disaster response task
assignments. The study concludes with a detailed analysis of the results from these scenarios,
discussing the advantages and limitations of the model. The methods and formulas used in the
study are summarized below.

3.1 P-median Problem

P-median, proposed by Revelle and Swain [7], is a location selection problem aiming to find
the location of p facilities using n nodes in a network to minimise the total average weighted
distance between the demand and the facility. Unlike p-center problems that minimize
maximum distance and capacity-oriented problems that balance capacity and costs, the p-
median problem focuses on minimizing total demand distance or cost. This is particularly
useful in disaster management, where maximizing the response area takes precedence over
minimizing individual distances or coverage. By establishing response centers in high-demand
areas and deploying resources, the p-median approach creates a service network with minimal
distance, optimizing equipment operations with limited resources. It can also be used for
logistical services like food aid and evacuation [37]. Despite its advantages, the p-median
problem is NP-hard, requiring heuristic and meta-heuristic algorithms for all but very small-
scale problems. This study will not be subject to the limitations of the method because it will
prefer the P-median problem to determine the optimum number of facilities p (relative to
demand and distance) among 14 siall-scale regions, taking into account population densities,
demand, and distances to these points.

The mathematical notation (Table 1) and formulation of the P-median problem is presented in
Equations (1)- (5).

Table 1. Notation of the P -Median problem

Sets

i Demand points (i = 1, ...,n)

J Candidate facility location (j = 1,...,n)
Parameters

djj Distance demand points i location j

aj Demand weight i

p Number of facilities

Decision Variable
Xij 1, If the demand point of i is assigned to facility j , otherwise 0

Y 1, If the facility j is opened, otherwise 0




Objective function (1) seeks to minimize the total cost associated with service facilities and
demand points by fulfilling all demands at the shortest possible distance. The cost is based on
the distance from the request point to the facility.

min L1 3jt1 adix;

(1)

Equation (2) guarantees that each demand point is assigned to a single facility, ensuring all
demands are met with a minimal facility.

Zjn=1Xij =1, i=1,2,...,n
(2)

Equation (3) ensures that the demand point is not assigned to unsuitable facilities, preventing
undesirable location selection.

xij <y bi=12..n 3)

The number of facilities to be opened is determined with the help of Equation 4. Thus, it
limits the number of facilities to be used to meet the demands of p units.

Sit1y; =P (4)

The last equation meets the integer and binary requirements for demands and facility
openings.

Xij 1 Y] € {0,1} |,J =1,2,...,n
(5)

3.2 The Proposed Mathematical Model for Volunteer Assignment

After analysing volunteer assignment models in the literature, this study aims to develop a
mixed integer programming modei. This model is an improved volunteer assignment model
that is based on the principle of maximum benefit, aims to assign the most experienced
volunteers to the most critical region, and allows volunteers to rest after their working hours.
The parameters, datasets, and decision variables of the developed assignment model, along
with objective functions and constraints, are presented in Table 2.

Table 2. Notation of the proposed assignment model

Sets

i Volunteers (i = 1, ...,v)

J Volunteer’s response center (j = 1,...,1)

¢ Shift period (t = 1,...,m)

Parameters

Wi Level of urgency in the response center j at time t (Wi
. € {0,1,2,3,4})

C Categories of volunteer i based on their level of expertise (
! C € 1,2,3,4})

A Voluriteer demand at the volunteer response center j at

time

Decision Variable

1 If volunteers i assigned in period t, at location j, otherwise

Xijt 0

The proposed mathematical model is given as follows:

Objective Function



max X2 2123 SI2Y Wi Cixie (6)

Subject to

STl Ar =S Sixge VY teT (7)
YjeLxjjr =1 ViEV,VteT (8)
SietTi=kt  xe = 1, VieV, k={1,2..t-1}

9

xjt €{0,1}, VIEV,VjEL VtET
(10)

The objective function (6) aims to fulfil volunteer needs primarily by using highly skilled
volunteers and allocating those with the highest expertise to the most critical regions based
on urgency. Thus, it maximizes the weighted sum of assignments, and the weights combine
volunteer expertise and central urgency. The proposed model includes 4 constraints. The first
constraint (7) ensures that response centers are not assigned more volunteers than the
number of volunteers needed in each period. Constraint (8) ensures that volunteers are
assigned to only one response center per period. Constraint (9) ensures that there must be at
least one rest period between working periods. Constraints (10) ensure that the assignment
model is integer, non-negative, and binary.

4. Application

Distributing a classified volunteer group to specific areas heips prevent post-disaster chaos
and enables faster response. However, the selected areas must be easily accessible, safe, and
capable of meeting basic human needs [38]. Therefore, when selecting volunteer response
centers, an analysis is required beforehand to ensure these conditions are met. In the
implementation phase of this study, volunteer response centers are chosen from disaster
collection areas with the specific features outlined by Tunceli Afad [39] in each neighbourhood
within the main area of Tunceli province. Task distribution is then conducted using an
assignment model that incorporates the rest periods of the Munzur Emergency Disaster Club,
whose members voluntarily participated in emergency disaster response activities and served
in various roles at these selected centers.

4.1 Volunteer Response Center

Tunceli province and its central neighbourhoods (Figure 2), situated in the Upper Euphrates
Basin of the Eastern Anatolia Region, have experienced numerous natural disasters over time
due to their geological structure, topography, tectonic activity, and weather conditions [40].

Figure 2. Tunceli province location and central neighbourhoods on the map of Turkey

Studies conducted for disaster risk reduction have identified protected areas against
earthquakes, floods, and fires to cater to the personal needs of residents in every province and
district. These designated areas aim to ensure the safety and well-being of individuals post-



disaster. Figure 3 illustrates the map showing the 14 disaster collection areas [38] designated
for the 7 neighbourhoods in the center of Tunceli chosen for our research.
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Figure 3. Tunceli central neighbourhoods’ disaster-gathering areas

*Note: Figure 3 is created by adding disaster assembly area locations and descriptions to the original physical map
using Google Maps Pro. (URL:
https://www.google.com/maps/d/edit?hl=tr&mid=1NAgyfy4M1c6LxcO0S3PJRKknnTVGrc-
2U&I1=39.09738686940235%2C39.55959764999997&z=12)

In the initial phase of our research, the volunteer response centers will be chosen from 14
predetermined disaster collection areas. The P median problem will minimise travel time
among all gathering points and center distances. To address this obstacle, the distances from
disaster collection areas to district centers with populations are provided in Table 3. These
distances were calculated by measuring the road travel distance from public service offices
located in neighbourhood centers to each disaster collection area using Google Maps.

Table 3. Distances (km) of district centers (with population in parentheses) to disaster
collection areas.

Center 1 Z 3 4 5 6 7 8 9 10 11 12 13 14
District
Aktuluk (1,934) 114 86 165 119 74 6.8 109 48 6.7 1.2 98 11.2 11.2 119
Alibaba (2,077) 1.0 34 7.0 0.3 51 5.3 1.5 7.2 5.6 11.2 2.0 055 1.8 1.5
Atatiirk (22,102) | 5.3 2.5 10.3 5.7 1.8 1.2 4.8 1.6 0.26 5.7 3.7 5.0 5.1 5.9
Cumbhuriyet
(5.201) 1.9 1.8 7.3 2,2 3.6 3.8 1.8 5.6 4.1 9.6 09 1.6 2.1 2.9
Esentepe (983) 1.1 3.3 6.7 1,2 51 52 1.3 7.1 5.5 11.1 25 14 1.5 0.17
Ismet Inonii
(1.012) 3.6 4.7 3.2 3,7 6.3 6.7 2.4 85 7.0 125 4.0 3.6 2.1 3.8
Mogultay (2,548) | 0.3 2.8 6.4 0.75 4.6 4.8 0.9 6.6 5.1 106 1.8 0.7 1.2 1.0
Yeni Mahalle
(746) 1.2 3.6 7.2 0.6 53 5.6 1.7 7.4 5.9 114 26 1.2 2.0 2.0

Using the population density and the distance data of the gathering areas to each district
center, the P-median problem solution, indicating the number and specific center, is promptly
computed using the GAMS/CPLEX solver with an Intel i5 11th Gen (2.40 GHz) 8 GB RAM
processor, as illustrated in Figure 4. It suggests opening 7 centers 1, 4, 9, 10, 11, 13, and 14,
where 'p' represents the number of centers opened (x-axis) and the product of total demand
and distance(y-axis).
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Figure 4. Number and distance of centers opened due to the P-median problem.

The expense of setting up volunteer response centers isn't factored into this model, as these
centers aid in coordinating volunteers for search and rescue efforts. Opting for 14 volunteer
response centers is not favoured as it could lead to excessive personnel dispersion, hampering
communication and coordination.

4.2 Assigning volunteers to response centers

4.2.1 Volunteer selection and classification
The AFAD Volunteers Club (AFC), established by the Munzur University Department of

Emergency Aid and Disaster Management, is a volunteer-oriented community dedicated to
providing pre- and post-disaster assistance. In this paper, the volunteer assignment model is
employed to determine the duty locations and working periods of volunteers in the club under
various scenarios, both before and after the disaster in Tunceli province. The classification
levels of volunteers according to their knowledge and experience in disasters were taken from
the papers conducted. Their by Ozdemir et al. {42,43]. Their studies categorized disaster
management volunteers into four classes: expert (C;), experienced(C,), sufficient(Cs), and
inadequate (C4;)} based on their competencies in search and rescue. This classification,
determined using the TOPSIS-Sort method and weighted criteria from expert surveys,
primarily aims to identify the most prepared volunteers for specific needs and planning. Nine
criteria were considered, including first aid, teamwork, and search and rescue equipment
skills. To optimize volunteer utilization and minimize risks, the expert group receives priority
in task assignments. Volunteers in the inadequate category will be assigned basic tasks like
food distribution or communication with victims or can be assigned more specialized tasks
after sufficient training. This will allow them to specialize in professional operations such as
first aid or search and rescue through pre-disaster training and drills. Figure 5 illustrates the
distribution of 124 volunteers across these classes resulting from the study. This volunteer
pool forms a data set (i) for the proposed assignment model, while volunteer class levels are
used in the model parameter (C;) to match the intervention center urgency with the volunteer
class level in the objective function.
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Figure 5. The classes and numbers of volunteers involved in search and rescue operations.
4.2.2 Parameter setting and justification

To effectively manage the varying levels of volunteer support needed in the aftermath of a
disaster, the assignment model will incorporate a framework consisting of three distinct and
defined scenarios. These scenarios are designed to represent the different phases and
challenges encountered in post-disaster response efforts. A detailed overview of the specific
requirements for each scenario, including key factors such as the expected demand for
volunteers and the overall urgency of the situation, is provided in Table 4. This table offers a
comprehensive summary of the demand and urgency parameteis applicable to each scenario,
enabling the volunteer assignment model to accurately aliocate personnel according to the
characteristics of each post-disaster phase.

The assignment model will assign values (C; = 4,C; = 3,C3 = 2,C4 = 1) to 124 volunteers,
categorized into the top group (C;1) to the bottom group (C4) , based on their knowledge and
experience levels. These volunteer class values are then multiplied by the volunteer response
center urgency level in the proposed model’s objective function (6) to maximize the matching
of expert volunteers to the most urgent needs. Response center urgency levels(w;;) range from
0 to 4, reflecting regional personnel needs: 0 (very safe): no volunteers needed; 1 (safe):
information gathering needed; 2 (could be urgent): potential emergency reported; 3 (urgent):
emergency under control; 4 (very urgent): immediate response required for a serious
emergency.

Search and rescue shifts will be 8 hours long to maintain volunteer satisfaction, with a
maximum of 9 shifts during the critical first 72 hours, depending on the situation. The number
of volunteers assigned to each of the seven volunteer response centers (1, 4, 9, 10, 11, 13, and
14) per shift will be determined by neighbourhood population density and the urgency level of
nearby assembly areas. For instance, the Mogultay district, with 2,548 residents and two
disaster assembly areas, has 13 volunteers assigned per response center, or 1 volunteer per
100 people. This volunteer-to-population ratio maximizes the benefit of available volunteers
by minimizing potential shortages, with more volunteers allowing for greater regional
allocation [44].

Table 4. Volunteer demand, urgency, and duration of work period in the scenarios

Center Working Total Urgency Volunteer

Numbe shift Voluntee Level(th) Demand
r r Range
Scenario 1 7 9 124 4 10
Scenario 2 7 9 124 Oto4 5to 44
Scenario 3 2 3 30 3 0to 15




4.2.3 Scenario 1: Assign an equal number of volunteers for very urgent situations

This scenario aims to equally distribute volunteers across all regions for 9 shifts, prioritizing
all volunteer response centers as if they are in the most urgent situation. This approach is
designed for the immediate aftermath of a disaster, ensuring maximum utilization of available
personnel [45], particularly crucial following large-scale events. For instance, the February 6,
2023, Kahramanmaras earthquake in Turkey revealed that organizational issues hindered the
deployment of search and rescue teams to some districts within the critical first 72 hours, and
insufficient personnel caused serious disruptions in certain regions [46].

The proposed model is analysed in 1.073 seconds using the GAMS/CPLEX solver on an Intel
i5 11th Gen (2.40 GHz) computer with 8 GB of RAM, based on data in Table 4. Table S. 2
(see in the Supplementary file) presents work center and period data for the first 20
volunteers. The assignment model is assigned 10 volunteers per period to each response
center, with volunteers in (C;) assigned a maximum of 5 work shifts (including rest periods)
and those in (C4) assigned 4. The model can accommodate additional volunteers if the
volunteer pool increases or work hours and regions decrease. To optimize task allocation, meet
staffing needs, improve volunteer satisfaction, maintain organizational continuity, and
optimize work-rest intervals, volunteers were not assigned to consecutive shifts.

4.2.4 Scenario 2: Volunteer needs and urgency change over time

In this scenario, a real-life disaster impacts specific regions, leading to varying personnel
needs and urgency at different times in volunteer centers [47]. The goal is to prioritize
volunteers with the highest experience and knowledge based on the emergency level.
Additionally, since some centers may not need personnel at certain periods, volunteers will
not be assigned to them. To evaluate each region's situation, a minimum number of volunteers
will be assigned to each response center initially, with subsequent volunteer distribution based
on the disaster's impact in each area.

The data from Scenario 1 will be used as is, withi a minimum of 3 volunteers assigned to each
region initially. Personnel will be assigned tc each region in the first period to examine the
situation in the region and determine the urgency level of the response center. Subsequently,
volunteers will be located based on regional urgency (from 0 not needed to 4 very urgent) and
minimum personnel needs. Table 5, designed for scenario 2, is given below. The values in
each period's column indicate each center's demand and urgency status. (For instance, in the
2nd period, 44-4 in the 3rd column represents center 9 requesting 44 volunteers with 4 critical
emergency codes.)

Table 5. Volunteer needs and urgency levels of response centers for each period.

Period

Cent | 1 2 3 4 5 6 7 8 9
er
1 3- 00 00 OO0 00 00 13- 13- 13-

1 4 4 4
4 3- 00 00 00 00 00 13- 13- 13-
1 4 2 1

9 3- 44- 44- 44- 44- 44- 44- 0-0 0-0

1 4 4 4 4 2 2

10 3- 19- 19- 19- 19- 19- 00 0-0 0-0

1 4 4 4 4 4

11 3- 17- 17- 00 00 00 0-0 0-0 O0-0

1 1 1

13 3- 00 00 00 00 00 54 54 54

1

14 3- 51 51 00 00 00 00 O0-0 O0-0

1

*Note: The numbers separated by dashes in the table represent the urgency and volunteer demand at each
center. For instance, in the 2nd period, 44-4 in the 3rd column represents center 9 requesting 44 volunteers with
4 critical emergency codes.




Table 6 presents the volunteer location and period number for each volunteer class obtained
with the volunteer assignment model. The results indicate that urgency is prioritised when
assessing a center's volunteer request, and efforts are made to assign the highest-level
volunteers (c1), whenever possible. As an example of the first period, the needs of all centers
are addressed by volunteers from (c;). Once all volunteers from this class are assigned, only
3 additional volunteers are assigned from the next class (c,). During peak periods (2 and 3) of
the requested volunteer number, the 10th center's requests are fully met, while the 9th center
has two unfulfilled requests. Moreover, the 11th and 14th centers could not be assigned any
volunteers due to the lack of urgency. In evaluating the total demands of all centers (517),
while the demands of some centers (1, 4, 10, and 13) are fully met, there is a shortage of 63
volunteers (12%) in the others.

Table 6. Number of volunteers per class assigned to volunteer centers for each period.

Class Period
(ci) 1 2 3 4 5 6 7 8 9
. 1
q\) 2
g 3 8 10
3 4 3 5 3 13
Total 3 0 0 0 0 0 13 13 13 42
1
o :
& 3 4 12 13
3 4 3 9
Total 3 0 0 0 0 0 13 13 13 42
o 1 4 6 7 4 10
N 2 20 15 21 14 15 33
£ 3 1 16 7 11 11
3 4 2 4 13 12
Total 3 44 42 a1 44 31 43 0 0 248
. 1 2 2 2 2
: 2 7 7 5 9
s 3 10 5 9 2 15
o 4 3 5 3 6 4
S rotal 3 19 19 19 19 19 0 0 0 98
- 1
g 2
- 3 1
5 4 D
S rotal 3 0 0 0 0 0 0 0 0 3
51’. 1
A 2
8 3 1 1
o 4 2 1 5
S rotal 3 0 0 0 0 0 5 5 18
0 1
A 2
8 3
5 4 3
S otal 3 0 0 0 0 0 0 0 0 3

4.2.5 Scenario 3: Fulfill the demand for a few volunteers

This scenario applies when a disaster, such as a flood, impacts a small area and necessitates
collaboration with a specialized team, requiring fewer personnel [48]. It seeks to effectively
assign volunteer duties by selecting the most knowledgeable and experienced individuals for
critical tasks that require limited personnel, thereby safeguarding less experienced volunteers
from risk. For this purpose, the Ataturk neighbourhood located on the riverbank is selected
and the volunteer needs of centers 9 and 10, which are determined as the response center in
this region, will be met. As data for our model, 15 personnel will be assigned to each region
to meet the most urgent demand. Our model displays the working 3 time periods of volunteers
based on the results from the GAMS/CPLEX solver shown in Figure 6.



In this scenario, where the need for a small number of volunteers is met in three periods of
time. According to the results obtained 14 volunteers (C4) and 49 volunteers (C3), in the two
classes with the lowest level of experience and knowledge are not assigned any tasks. While
30 volunteers in the (C,) are assigned to a single period the remaining 9 people from this
group and all volunteers of (C1) are assigned to two different periods. The goal is to efficiently
assign volunteer duties while minimizing risks to others by choosing the most knowledgeable

Volunteer time period assignment
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Volunteer
and experienced volunteers, particularly in few-personnel, mission-critical situations.

Figure 6. Working shifts of volunteers assigned for Scenario 3

5. Discussion

This study assigned experienced volunteers to critical areas, matching them to specific
response centers based on needs and urgency across shifts. Volunteers were allowed rest
periods, working a maximum of one out of every two consecutive shifts. The model's
effectiveness was evaluated under varying scenarios, considering diverse needs and
urgencies. Figure 7 illustrates the percentage assignment distribution of volunteer classes
across all periods in these scenarios.

Scenario 1 Scenario 2 Scenario 3

c4
8%
c3

17%

c3
c1 18%
42% c1

46%
c2
33% c2
27%

Figure 7. Volunteer assignment percentages based on scenarios

c2
40%

c1
60%

The data indicates that the volunteer assignment model prioritises experts before selecting
from other groups, assigning lower-class volunteers as needed after the top-tier volunteers
are allocated. Volunteers in class C; are assigned more tasks in all scenarios, while those in
class C4. took on fewer or no tasks compared to the other class. In scenarios with low volunteer

® 124

® 124
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needs (Scenario 3), no volunteers are selected from the less experienced groups (C3 and Cy).
When assessing the need for volunteers in various situations, it has been found that if the
requirement fits the size of the group C; ,all volunteers are provided by this group, and the
volunteer class order is applied in the assignment.

In Scenario 1, volunteers are assigned tasks to maximize their working time and address
urgent personnel needs. The goal is to deliver immediate assistance to all disaster victims
across a broad area by evenly distributing the most suitable volunteers to each response
center. In Scenario 2, it is believed that a disaster adversely impacts a specific region, leading
to secondary disasters later. For instance, an earthquake first affects a particular area, and
subsequently, other initially unaffected areas require assistance due to aftershocks. This
scenario aims to prioritize emergency areas when personnel shortages arise during disasters.
Data shows that assigning the most experienced individuals to the most urgent needs
maximizes benefits; however, due to a limited number of volunteers, less urgent regions
cannot be adequately staffed and experience volunteer shortages. Scenario 3 is inspired by a
regional disaster, like a flood, affecting the riverbed area. The timeframe is short, and the
demand for volunteers is minimal. Results show that inexperienced volunteers are not
assigned tasks, while all experts participated in the operations.

This model considers relevant disaster scenarios, including earthquakes and floods, along with
varying volunteer needs and urgency levels. The criteria for classifying volunteers by disaster
type can be adjusted, allowing for varied task assignments within the model. For secondary
disasters following the primary event, such as fires or landslides, volunteers can be allocated
additional tasks in categories like search and rescue, first aid, or food distribution. The model
adjusts working time based on the critical first 72 hours (8-hour shifts) following the most
destructive earthquake. For shorter disasters like stormns, the study period can be reduced
accordingly. The model, while primarily aimed at post-disaster volunteer assignments, can
also be applied to volunteer training and drills before a disaster. For instance, considering
regional characteristics, less experienced and expert volunteers can be mixed and organized
into groups for drills related to previous avalariche disasters, allowing them to gain valuable
experience.

5.1 Sensitivity Analysis

To illustrate the model's flexibility, a sensitivity analysis is conducted by varying the number
of volunteers and response centers. This verifies the model's robustness and reliability under
different conditions. Table 7 summarizes an analysis examining the effects of varying the
number of volunteers, response centers, and their requests, and volunteer rest periods on
resolution time, number of variables, and volunteer demand fulfilment rate, demonstrating the
model's adaptability. The values in the grey row represent the baseline model, where all
values except the parameter being examined are held constant and compared to other models.

Table 7. Sensitivity analysis of volunteer assignment model parameters

Parameter Values Solution Changes Variabl
S time es

124 1.07 7812
Volunteer 93(%25 0.83 %22 Lack of Volunteer 5859
Numbers decreased)

155(%25 1.15 Not used 15 Volunteer in 9765

increased) Cy

10 1.07 7812
Response 5(%50 1.03 Not used in C4,0nly use 9 7812
Center decreased) Volunteer in Cs.
Demand 15(%50 1.08 Lack of 86 volunteers %69 7812

increased all need more volunteers

period)

7 1.07 7812

14 (%100 Lack of 156 volunteers

increased) 2.33 %125 need more 15624

volunteers




Response 4(%A42 0.63 Not used C4, only used 19 4464

Center decreased) volunteers in C3
Number

2 1.07 7812
Consecutiv 3 0.74 Need more 110 volunteers 7812
e Periods % 88

0 0.51 Not need 54 volunteers (all 7812

C4, and 40 C3)

When examining the number of volunteers, one of the key constraints in the model, it was
found that reducing by 25% to 93 resulted in a volunteer shortage, leaving 22% of response
center demand unmet. Conversely, increasing volunteers by 25% to 155 fully met demand,
leaving 15 volunteers in class C4 unassigned. The change in the number of variables (3906)
had a negligible impact on solution time, increasing it by approximately 32 seconds.

Volunteer response center demand was halved each shift, no volunteers from the class C4 were
used, while only 9 volunteers from the class Cs were able to take on the task. When the demand
was increased by 50%, it resulted in a shortage of 86 volunteers and required 69% more
volunteers. Since the amount of demand did not affect the number of variables, there was
almost no difference in solution times.

Considering the 14 disaster relief collection areas identified in the study region (doubling the
number of response centers), a shortage of 156 volunteers emerged, necessitating a 125%
increase to meet demand. This shortage was identified by examining the change in volunteer
response centers where variable number and resolution time showed the most significant
differences. Conversely, with only 4 volunteer response centers, C; and C, volunteers largely
met demand, with only 19 C3 volunteers participating. Tripling the number of variables almost
quadrupled the resolution time.

When the constraint of volunteer rest periods is analysed, eliminating rest periods allows for
task distribution with 54 fewer volunteers. However, requiring each volunteer to receive a
single task in three consecutive periods necessitates an 88% increase in volunteer numbers to
meet demand.

Sensitivity analysis revealed that changes in the number of volunteer response centers most
significantly impacted the humber of variables and solution time of the assignment model. This
is primarily because the niodel's objective function maximizes matching based on the urgency
and demand of response centers, which are also prioritized as constraints. While changes in
the number of volunteers and consecutive periods don't greatly affect solution time or the
number of variables, they can lead to volunteer shortages or excessive workloads in specific
skill classes (e.g. C; ) due to unequal volunteer allocation, as the model aims to balance
volunteer satisfaction and rest. Varying the number of volunteers and consecutive periods has
little impact on solution time or the number of variables; too few volunteers result in shortages.
Conversely, too many volunteers lead to unequal task distribution, with some classes
overworked (e.g. C, ) and others idle (e.g. C4 ). More consecutive periods in rests hinder the
ability to meet volunteer demand, while no rest periods create task imbalances, preventing
lower-class volunteers from being assigned tasks.

5.2 Managerial Insights:

This study contributes to emergency volunteer management by presenting a two-stage
assignment model. This model prioritizes volunteer satisfaction by matching expert volunteers
to critical areas, considering the urgency of needs. The first stage strategically identifies
response centers based on population density for effective and timely intervention. The second
stage uses a skill-based allocation model, matching volunteer expertise to regional criticality,
ensuring optimal task allocation across diverse disaster scenarios. The study offers significant
academic and practical implications.



0 This model adopts a two-stage approach to disaster preparedness and volunteer
management: first, contributing to the disaster preparedness phase by assessing
location suitability and identifying an optimal number of volunteer response centers,
and providing drill and training opportunities in these areas; second, maximizing the
effectiveness of personnel by assigning tasks to volunteers during disaster response.
This separation simplifies the process compared to a single, complex model and
contributes separately to two different areas (preparation and response) in disaster
management.

[0 Adapting the assignment model to mirror earthquake disaster response, particularly
volunteer management within personnel management, enhances preparation and
response phases. This model was applied to a volunteer search and rescue community,
contributing to the division of labour in volunteer management.

0 Selecting volunteer response centers from easily accessible, safe, and convenient
disaster collection areas nearest the disaster zone enhances volunteer safety and post-
disaster assistance. Because these areas are located in densely populated, easily
accessible, and safe locations identified through expert research, choosing response
centers from them provides regional access, ensures volunteer safety near victims, and
facilitates task distribution.

[0 Strategic task allocation before and after disasters ensures rapid response and
maximizes personnel resources. A planned, needs-based system prevents critical needs
from being unmet due to personnel shortages or a lack of defined tasks.

0 The flexible two-stage volunteer assignment model, which addresses both location and
task allocation, applies to various disaster management scenarios and can be
implemented by diverse institutions and organizations for task allocation, volunteer
training, and other purposes.

[0 This assignment model prioritizes matching tasks to volunteers based on their
knowledge and experience. It maximizes the effective use of expertise by ensuring that
the most experienced volunteers handle urgent and specialized tasks. As seen in
Scenario 3, where all expert C; volunteers were assigned tasks, while only 30 C,
volunteers were needed, and no other groups were used due to low demand. This
approach reduces the risks of dissatisfaction, volunteer turnover, or task failure by
preventing critical tasks from being assigned to inexperienced volunteers.

0 In disaster management, volunteers are crucial. To maximize their impact and ensure
continued service, volunteer satisfaction is key. An assignment model that divides tasks
into periods, limits consecutive tasks, and incorporates rest periods, up to 5 shifts out
of 9, increases volunteer commitment and satisfaction by preventing excessively long
working hours.For example, inexperienced volunteers (C3) work only 3 shifts during
periods of low demand.

6. Conclusion

In the paper's initial phase, suitable areas for volunteer work are identified. These areas are
selected based on safety and accessibility criteria to ensure an optimal working environment.
Then develop a volunteer assignment model that pairs the most knowledgeable and
experienced volunteers with the highest-priority needs. This model is designed to be flexible,
maximizing the effectiveness of volunteer contributions while adapting to various scenarios.
It also ensures that volunteers have adequate rest periods outside of their working hours.

The initial model stage assessed population densities as demand across disaster collection
areas. Considering distances, it selected 7 optimal volunteer response centers from 14
candidate collection areas by P Median. This aims to balance volunteer placement, avoiding
excessive centers that increase travel times and too few, which would cause overcrowding
given capacity limits.

The second stage of the proposed volunteer assignment model results indicate that during low
demand, volunteers from other groups are only assigned after all experienced volunteers have
been allocated. For instance, in the low-demand Scenario 3, only expert and experienced



volunteers were assigned tasks. This strategy focuses on assigning less experienced
volunteers to lower-risk tasks rather than to critical ones. In the more-demand scenario, expert
volunteers worked 5 out of 9 shifts, while less experienced volunteers worked 4 shifts to meet
staffing needs. In contrast, when demand surpasses the available volunteer numbers, some
centers are inadequately staffed since urgent needs are prioritized during emergencies. In
Scenario 2, high-priority centers (e.g., 10 and 13) were fully staffed during peak demand
(e.g.,2-3 shifts), while lower-priority areas (e.g., level 1, center 11) experienced a shortage of
63 volunteers over 9 shifts. The model distributes volunteers fairly, even if it results in
shortages, and accounts for rest periods when immediate post-disaster support is required.
The number of volunteers here can be adjusted based on specific center requests and desired
periods.

To evaluate the model's real-world applicability, a disaster and emergency relief volunteer
group was selected. This group, which aimed to raise disaster awareness and expand the
volunteer base through community training, consisted of 124 members throughout the study,
providing a suitable small-scale test case. Furthermore, because the volunteer group was in
areas accessible to disaster response centers, the scenarios were designed as real-world
disaster simulations. The existence of a practical application example allows the model to
demonstrate its potential for adaptation to various volunteer organizations operating in
different fields.

The study has several limitations. The small size of the research area, low population density,
and limited volunteer pool prevent the model from demonstrating its application and ability to
handle the complex structures typical of large volunteer activities. It is recommended that the
model be applied to organizations operating in diverse fields with more volunteers covering
broader regions. Although the model is designed around a iwo-stage volunteer placement task
distribution, it uses a single objective function, ignoring some constraints found in volunteer
assignment problems. Including the following constraints would allow for a more
comprehensive study, enhancing the model’s applicability and effectiveness:

Volunteers’ location and time preferences.

Penalties for a shortage of volunteers.

Transportation time required for volunteers to reach designated areas.
Different tasks and the ability of volunteers to perform these tasks.
Budget constraints, including daily expenses for food and transportation.

s s |

Future research could apply the set covering problem to more effectively identify volunteer
response centers. While designing real-life disaster scenarios is challenging due to their
unpredictable and uncertain nature, simulation techniques can generate various scenarios for
model development. The volunteer group classification used in the volunteer assignment
model can be addressed using existing literature. A new two-stage assignment model could be
developed, using artificial neural networks instead of TOPSIS for classifying volunteers by
knowledge and skill level in the first stage.

DECLARATIONS
Conflict of interest

The authors declare that they do not have conflict of interest.

Reference

[1] Turkish Strategy Development Presidency. ‘Kahramanmaras and Hatay Earthquakes Report’.
SBB. Available at: https://www.sbb.gov.tr/ (Accessed: 15 August 2023).

[2] Hossin, M.A. et al. (2023) ‘Climate change and COP26: Role of Information Technologies in
Disaster Management and resilience’, Environment, Development and Sustainability, 27(3), pp.
5659-5685. d0i:10.1007/s10668-023-04134-8.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ministry of Interior Disaster and Emergency Management Presidency.Administration Activity
Report. Available at: https:// www.afad.gov.tr/

Sampson, S.E. (2005) ‘Optimization of volunteer labor assignments’, Journal of Operations
Management, 24(4), pp. 363-377. doi:10.1016/j.jom.2005.05.005.

Amini, F. et al. (2024) ‘Examining the effectiveness of a training program on improving
knowledge, functional skills, and attitude in natural disaster volunteers’, Frontiers in Public
Health, 12. doi:10.3389/fpubh.2024.1321535.

Ministry of Interior Disaster and Emergency Management Presidency. Disaster statistics about
Turkish Available at: https://'www.afad.gov.tr/

ReVelle, C.S. and Swain, R.W. (1970) ‘Central Facilities Location’, Geographical Analysis, 2(1),
pp. 30-42. doi:10.1111/j.1538-4632.1970.tb00142 .x.

Marin, A. and Pelegrin, M. (2019) ‘P-median problems’, Location Science, pp. 25-50.
do0i:10.1007/978-3-030-32177-2_2.

Pan, A.P. (2011) ‘A constructive genetic algorithm for the p- median location problem of
typhoon emergency shelter in china coastal rural areas’, Key Engineering Materials, 480-481,
pp. 1215-1220. doi:10.4028/www.scientific.net/kem.480-481.1215.

Xi, M. et al. (2013) ‘A modified -median model for the emergency facilities location problem
and its variable neighbourhood search-based algorithm’, Journal of Applied Mathematics, 2013,
pp. 1-10. d0i:10.1155/2013/375657
Jianming Zhu, De-Gang Liu and Jun Huang (2013a) ‘Robust P-median model for facility location
problem based on scenario analysis in emergency management’, 11th International Symposium
on Operations Research and its Applications in Engineering, Technology and Management
2013 (ISORA 2013), pp. 20-23. d0i:10.1049/cp.2013.2251.

Hwang, M., and Heo, G. (2022). ‘Preliminary Study on Location Selection for Emergency
Response Using P-Median Algorithm.” In Transactions of the Korean Nuclear Society Autumn
Meeting, Changwon, Korea.

Ayudhya, W.S. (2020) ‘Flood shelters location using P-median model’, 2020 IEEE International
Conference on Industrial Engineering and Engineering Management (IEEM), pp. 11-15.
doi:10.1109/ieem45057.2020.9309860.

Ayudhya, W.S. (2024) ‘Relief facility locations using P-median weight minimax model’, 2024
IEEE International Conference on Industrial Engineering and Engineering Management
(IEEM), pp. 31-35. d0i:10.1109/ieem62345.2024.10857138.

ELIGUZEL, 1.M. (2025) ‘Picture fuzzy decision support system-weighted p-median framework
for disaster emergency center siting in the Philippines’, Natural Hazards, 121(17), pp. 20171-
20192. doi:10.1007/s11069-025-07598-1.

Falasca, M. and Zobel, C. (2012) ‘An optimization model for volunteer assignments in
humanitarian orgenizations’, Socio-Economic Planning Sciences, 46(4), pp. 250-260.
doi:10.1016/j.seps.2012.07.003.

Ozdemir, U., Mete, S., & Gul, M. (2022). Volunteer Assignment Optimization: A Systematic
Literature Review with Analysis and Future Directions. Multi-Criteria Decision Analysis, 31-42.
Garcia, C., Rabadi, G. and Handy, F. (2018) ‘Dynamic Resource Allocation and coordination for
high-load crisis volunteer management’, Journal of Humanitarian Logistics and Supply Chain
Management, 8(4), pp. 533-556. doi:10.1108/jhlscm-02-2018-0019.

Kaur, M.P. et al. (2022) ‘Optimization of volunteer task assignments to improve volunteer
retention and nonprofit organizational performance’, Socio-Economic Planning Sciences, 84, p.
101392. d0i:10.1016/j.seps.2022.101392.

Chen, L. and Chen, S. (2022) ‘Volunteer multi-person multi-task optimization dispatch method
considering two-sided matching’, Soft Computing, 26(8), pp. 3837-3861. d0i:10.1007/s00500-
022-06784-8.

Atik, A. et al. (2025) ‘Integrated column generation for volunteer-based delivery assignment and
route optimization’, Computer-Aided Civil and Infrastructure Engineering, 40(15), pp. 2227-
2243. doi:10.1111/mice.13439.

Degel, D. et al. (2014) ‘Reorganizing an existing volunteer fire station network in Germany’,
Socio-Economic Planning Sciences, 48(2), pp. 149-157. d0i:10.1016/j.seps.2014.03.001.
Lassiter, K., Khademi, A., & Taaffe, K. M. (2015). A robust optimization approach to volunteer
management in humanitarian crises. International Journal of Production Economics, 163, 97-
111.



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]
[41]

[42]

[43]

[44]

Urrea, G., Pedraza-Martinez, A.J. and Besiou, M. (2019) ‘Volunteer Management in charity
storehouses: Experience, congestion and operational performance’, Production and Operations
Management, 28(10), pp. 2653-2671. d0i:10.1111/poms.13073.

Wang, Xihui, Tao, L. and Wang, Xiang (2025) ‘Emergency volunteer deployment model
considering public health emergency risk levels’, Journal of Data, Information and
Management, 7(2), pp. 147-162. doi:10.1007/s42488-025-00147-2.

Abualkhair, H., Lodree, E.]J. and Davis, L.B. (2020) ‘Managing Volunteer Convergence at disaster
relief centers’, International Journal of Production Economics, 220, p. 107399.
doi:10.1016/j.ijpe.2019.05.018.

Paret, K.E., Mayorga, M.E. and Lodree, E.J. (2021) ‘Assigning spontaneous volunteers to relief
efforts under uncertainty in task demand and volunteer availability’, Omega, 99, p. 102228.
doi:10.1016/j.omega.2020.102228.

Fei, L. and Wang, Y. (2022) ‘An optimization model for rescuer assignments under an uncertain
environment by using Dempster-Shafer theory’, Knowledge-Based Systems, 255, p. 109680.
doi:10.1016/j.knosys.2022.109680.

Xue, P., Fei, L. and Ding, W. (2024) ‘A volunteer allocation optimization model in response to
major natural disasters based on improved Dempster-Shafer theory’, Expert Systems with
Applications, 236, p. 121285. doi:10.1016/j.eswa.2023.121285.

Matinrad, N. and Granberg, T.A. (2023) ‘Optimal pre-dispatch task assignment of volunteers in
daily emergency response’, Socio-Economic Planning Sciences, 87, p. 101589.
doi:10.1016/j.seps.2023.101589.

Ata, B., Tongarlak, M. H., Lee, D., & Field, J. (2024). A dynamic model for managing volunteer
engagement. Operations research, 72(5), 1958-1975.

Kapukaya, E.N. and Satoglu, S.I. (2025) ‘A multi-objective Dynamic Resource Allocation Model
for search and rescue and first aid tasks in disaster response by employing volunteers’, Logistics,
9(1), p. 41. doi:10.3390/1ogistics9010041.

Aman, A., et.al. (2012). ‘OR/MS applications in Mt. Merapi Disaster Management’, Journal of
Mathematics and Statistics, 8(2), pp. 264-273. doi:10.2844/jmssp.2012.264.273.

Karahalios, A., Tayur, S., Tenneti, A., Pashapour, A., Salman, F. S., & Yildiz, B. (2025). A
Quantum-Inspired Bilevel Optimization Algorithm for the First Responder Network Design
Problem. INFORMS Journal on Computing, 37(1), 172-188.

Rabiei, P., Arias-Aranda, D. and Stantchev, V. (2023) ‘Introducing a novel multi-objective
optimization model for volunteer assignment in the post-disaster phase: Combining fuzzy
inference systems with NSGA-II and NRGA’, Expert Systems with Applications, 226, p. 120142.
doi:10.1016/j.eswa.2023.120142.

GERDAN, S. and SEN, A. (2019) ‘Afet ve Acil durumlar icin Belirlenmis Toplanma Alanlarinin
Yeterliklerinin Degerlendirilmesi: Izmit 6rnegi’, IDEALKENT, 10(28), pp. 962-983.
doi:10.31198/idealkent.514077.

Bera, S. et al. (2023) ‘Assessment of Shelter Location-allocation for multi-hazard emergency
evacuation’, International Journal of Disaster Risk Reduction, 84, p. 103435.
do0i:10.1016/j.ijdrr.2022.103435.

OZTURK, F. and KAYA, G.K. (2020) ‘AFET Sonrasi Toplanma Alanlarinin promethee Metodu ile
DEGERLENDIRILMESI’, Uludag University Journal of The Faculty of Engineering, pp. 1239-
1252. doi:10.17482/uumfd.697097.

Ministry of Interior Disaster and Emergency Management Presidency.Provincial disaster risk
reduction plan, Disaster Assembly Areas.Available at: https://tunceli.afad.gov.tr/

ESEN, F. (2021) ‘Jeomorfolojik 6zelliklerin tunceli sehrinin Gelisimine etkileri’, Jeomorfolojik
Arastirmalar Dergisi, (7), pp. 109-131. doi:10.46453/jader.948540.

Ministry of Interior Disaster and Emergency Management Presidency.Disaster Assembly
Areas. Available at: https://tunceli.afad.gov.tr/tunceli-toplanma-alanlari/

Ozdemir, U., Mete, S. and Gul, M. (2022) ‘Classification of volunteers for search and rescue
activities to assignment in humanitarian organizations using integrated AHP- topsis- sort
method’, Proceedings of the International Symposium on the Analytic Hierarchy Process
[Preprint]. doi:10.13033/isahp.y2022.023.

Ozdemir, U., Mete, S. and Gul, M. (2023) ‘Determining the criterion weights for the selection of
volunteers in humanitarian organizations by the best-worst method’, Lecture Notes in
Operations Research, pp. 155-167. doi:10.1007/978-3-031-40328-6 9.

Chen, S.-Q. and Bai, J. (2023) ‘Data-driven decision-making model for determining the number
of volunteers required in typhoon disasters’, Journal of Safety Science and Resilience, 4(3), pp.
229-240. doi:10.1016/j.jnlssr.2023.03.001.



[45]

[46]
[47]

(48]

Ata, N. S. (2023). ‘Kahramanmaras MERKEZLI 6 subat DEPREMLERININ kriz YONETIMI
Baglaminda DEGERLENDIRILMESI’, Meri¢ Uluslararasi Sosyal ve Stratejik Arastirmalar
Dergisi, 7(Ozel Say1), pp. 59-77. doi:10.54707/meric.1327520.

Solmaz, M. (2025). ‘POLITIK VE EKONOMIK YONLERIYLE MARAS DEPREMLERI VE SOSYAL

TEORI'. Sosyologca, (28), 245-263.

flerisoy et.al. (2022). ‘Deprem Kaynakl ikincil Afetler ve Tiirkiye Orneklemi.” Online Journal of
Art & Design, 10(2).

Bayraktar, H., and Sahtiyanci, E. (2020). ‘17-18 temmuz 2019 akcakoca ve cumayeri (Diizce)
SEL AFETI Sonuglar1 ve Miudahale c¢alismalar1’, Resilience, 4(2), pp. 239-255.
doi:10.32569/resilience.755777.



